ABSTRACT. Although many epidemiologic studies have investigated the p53 codon 72 polymorphism and its association with esophageal cancer (EC) in China, definite conclusions could not be drawn. To clarify the effects of p53 codon 72 polymorphism on the risk of EC, we performed a meta-analysis on the Chinese population. A total of 13 studies including 3308 patients and 5115 controls were involved in this meta-analysis. Our results suggested that the Pro/Pro genotype was associated with an increased risk of EC in the Chinese population (Pro vs Arg: odds ratio (OR) = 1.17, 95% confidence interval (CI) = 1.01- OR = 1.32, 95%CI = 1.06-1.65). In subgroup analyses by geographical location and ethnicity, significant association was also found in south China in both the Han Chinese population and in the population group with no stated ethnicity. Sensitivity analysis confirmed the reliability and stability of the meta-analysis. No publication bias was found among studies using the Egger test. In conclusion, this meta-analysis provides supporting evidence that the Pro/Pro genotype might contribute to the development of EC in the Chinese population, especially in Southern China.
INTRODUCTION
Esophageal cancer (EC) is one of the most prevalent cancers in the world, with an estimated 482,300 new cases and 406,800 deaths in 2008 alone (Jemal et al., 2011) . Its incidence rates vary internationally, and the highest rates found in Southern and Eastern Africa and Eastern Asia were nearly 16-fold higher than the lowest rates observed in Western and Middle Africa and Central America in both men and women (Jemal et al., 2011) . In China, EC is the fourth most frequently diagnosed cancer and is the fourth leading cause of cancer deaths, with an estimated 259,235 new cases and 211,084 deaths in 2008 (Wiseman, 2008; Lin et al., 2013) . It has been reported that EC is a multi-stage process, identified in most patients in the later period, and with a 5-year survival rate less than 10% (Huang et al., 2013) . Early detection and treatment is critical for the prevention of EC. Toward this goal, epidemiological studies have suggested that genetic factors such as TP53 (p53) might contribute to the development of EC.
p53 is one of the most extensively studied genes with respect to its role as a tumor suppressor. It has been considered to play a pivotal role in modulating cell growth, division, and apoptosis. Mutant p53 might contribute to increased cell proliferation, loss of ability to undergo apoptosis, and increasing genetic instability (Levine, 1997) . An important p53 polymorphism is the restriction fragment length polymorphism in codon 72 of exon 4, encoding proline (72Pro: CCC) or arginine (72Arg: CGC) (Dumont et al., 2003) . The two structural forms have been shown to have differing biochemical and biological properties (Thomas et al., 1999) , such as binding to components of the transcriptional machinery and activation of transcription (Langerod et al., 2002) .
A number of studies have been conducted in China to explore whether the p53 codon 72 polymorphism is associated with EC susceptibility; however, these studies have provided controversial or inconclusive results. Therefore, we conducted a meta-analysis to define more precisely the effect of p53 codon 72 polymorphism on the risk of EC in Chinese populations.
MATERIAL AND METHODS

Materials
We searched PubMed, the Chinese Biomedical Database (CBM), and Chinese National Knowledge Infrastructure (CNKI) to collect related articles on the association between ©FUNPEC-RP www.funpecrp.com.br Genetics and Molecular Research 14 (3): 9024-9033 (2015) p53 codon 72 polymorphism and the susceptibility to EC published prior to April 4, 2014. References of the retrieved articles were also screened for additional original studies. The following search terms were used: "TP53 or p53" and "esophagus or esophageal" and "cancer or carcinoma" and polymorphism.
Eligibility criteria
Studies included in our meta-analysis must have met the following criteria: 1) used case-control or cohort study design; 2) provided the distribution of p53 codon 72 polymorphic alleles; 3) the gene distributions of the control groups were in agreement with Hardy-Weinberg equilibrium (HWE); 4) in Chinese; and 5) meta-analyses, letters, case reports, reviews, or editorial articles were excluded; and 6) if there were duplicate reports, the study with the largest number of patients was included.
Data extraction
The following information was extracted from each study: authors, year of publication, geographical location, ethnicity of participants, source of controls, number of patients and controls, genotype frequencies, and HWE test. The categorization of ethnicity comprised Han and other ethnic Chinese. For articles including different ethnicities, data were extracted separately for each ethnicity (Table 1) .
Statistical analysis
Pooled odds ratios (ORs) and 95% confidence intervals (CIs) were used to assess the strength of the associations. We also calculated pooled ORs and 95%CIs for all studies combined. Furthermore, subgroup analyses were performed by ethnic group and by geographical location. HWE in the control group for all studies was evaluated using the chi-square test. Statistical heterogeneity among studies was estimated by use of the Q and I 2 statistic (Higgins and Thompson, 2002) . A P value greater than 0.10 for the Q-test indicated a lack of heterogeneity among studies. Depending on the results of the heterogeneity test among individual studies, the fixed-effect (Mantel-Haenszel) or random-effect (DerSimonian and Laird) model was selected to summarize the pooled OR. A sensitivity analysis was performed to illustrate the accuracy and stability of the analytic results. Publication bias was investigated with a funnel plot, in which the standard error of the logOR of each study was plotted against its OR. Funnel-plot asymmetry was further assessed using the Egger linear regression test. All P values were two sided. A P value less than 0.05 was considered to be statistically significant. All statistical analysis was conducted by using Stata version 10.0 (StataCorp, College Station, TX, USA).
RESULTS
Eligible studies
To include all of the published articles, we used MeSH terms and Entry terms as the retrieval strategy. Eventually, 13 case-control studies (12 articles) (Lee et al., 2000; Peixoto Guimaraes et al., 2001; Li et al., 2002; Zhang et al., 2002 Zhang et al., , 2003 Hu et al., 2003; Hong et al., 2005; Cai et al., 2006; Cao et al., 2007; Shao et al., 2008; Zhang, 2008; Li, 2012) were included and 176 articles were excluded. The publication years of the included studies ranged from 2000 to 2012. A flow chart of the study selection is shown in Figure 1 . In total, 3308 patients with EC and 5115 controls were involved in this meta-analysis, which evaluated the relationship between p53 codon 72 polymorphism and EC risk. All studies were population based; five reported the same race (Han Chinese) and eight did not mention ethnicity. The characteristics of the included studies are summarized in Table 1 . 
Quantitative data synthesis
The main results of this meta-analysis and of the heterogeneity test are shown in Table  2 . In the overall analyses, the Pro/Pro genotype was shown to be significantly related to EC risk under the allele, recessive, homozygous, and heterozygous models (Pro vs Arg: OR = 1.17, 95%CI = 1.01-1.34; Pro/Pro vs Arg/Arg+Arg/Pro: OR = 1.32, 95%CI = 1.06-1.66; Pro/ Pro vs Arg/Arg: OR = 1.35, 95%CI = 1.03-1.78; Pro/Pro vs Arg/Pro: OR = 1.32, 95%CI = 1.06-1.65). However, no statistically significant associations were found under the dominant model (Pro/Pro+Arg/Pro vs Arg/Arg: OR = 1.16, 95%CI = 0.95-1.41).
In the subgroup analysis based on geographical location, the results showed that carrying the Pro/Pro genotype and the Pro allele was significantly related to EC risk among the 
Sensitivity analysis
In order to compare the differences within and evaluate the sensitivity of the metaanalyses, we used both the fixed-and random-effect models to evaluate the stability of the meta-analysis. None of the results was materially altered in the overall and subgroup analysis (data not shown). Hence, results of the sensitivity analysis suggested that the data in this metaanalysis were relatively stable and credible.
Bias diagnosis
The Begg's funnel plot and the Egger test were performed to assess the publication bias of the literature. The shape of the funnel plots did not reveal any evidence of obvious asymmetry. The Egger test also showed that there was no significantly statistical evidence of publication bias for any of the genetic models in the overall analysis (allele model: t = -1.38, P = 0.194; dominant model: t = -1.33, P = 0.210; recessive model: t = -1.34, P = 0.207; homozygous model: t = -1.54, P = 0.153; heterozygous model: t = -0.88, P = 0.399). 
DISCUSSION
There is a wide variation in the incidence of EC among different regions, and this sharp variation across the different areas suggests that environmental factors together with genetic factors play important roles in the development of EC (Zheng et al., 2011) . However, only a minor proportion of the populations exposed to the known risk factors including smoking tobacco and drinking alcohol develops EC, which suggests that genetic factors might play a very important role in the development of EC (Zhong et al., 2013) . Currently, numerous genetic polymorphisms have been suggested to be associated with risk of EC, such as the GSTM1 polymorphism (Zhong et al., 2013) . The findings from previous studies on the association between genetic polymorphisms and EC risk further demonstrate the important role of genetic susceptibility in the development of EC.
Several previous studies have investigated p53 codon 72 polymorphism and its association with EC in the Chinese population; however, definitive conclusions could not be drawn. Most of those studies involved few patients, and the small sample size limited the reliability of determining the genetic effect. To provide a more precise estimation on the association between p53 codon 72 polymorphism and the risk of EC in the Chinese population, we performed a meta-analysis involving 12 articles related to p53 codon 72 polymorphism and EC. Meta-analysis results showed that the p53 codon 72 polymorphism was significantly associated with EC risk among Chinese populations. The sensitivity analysis confirmed the reliability and stability of the meta-analysis, and no publication bias was found among the studies using the Egger test. Therefore, the findings from our meta-analysis provide strong evidence for the association between p53 codon 72 polymorphism and the risk of EC in Chinese populations, and in particular for the contribution of the Pro/ Pro genotype to the increased risk of EC in Chinese. Our results were consistent with previously published meta-analyses Jiang et al., 2011; Zhao et al., 2010 Zhao et al., , 2013 . However, these meta-analyses did not search Chinese databases (CBM and CNKI), and included a smaller number of studies conducted in Chinese populations than did our meta-analysis.
Furthermore, when we performed the subgroup analyses by geographical location and ethnicity, significant association with the susceptibility for developing EC was found in Southern China, in Han Chinese and in the population without stated ethnicity. This is the first review that reports geographical location as an important marker in the population genetic background for the influence of the p53 codon 72 polymorphism in China. Despite the limited sample size (only three studies on Southern China), our data indicated that the Pro/Pro genotype represents a susceptibility risk marker for the development of EC in Southern but not in Northern China. However, whether the p53 codon 72 genotype represents a good biomarker for therapeutic effects in patients with EC has not been well evaluated and needs further studies. In addition, the association between p53 codon 72 genotype and risk of EC in other populations is still unclear, and more case-control studies with large sample sizes are needed.
In conclusion, although studies investigating the association between p53 codon 72 polymorphism and the risk of EC in China have previously arrived at different conclusions, this meta-analysis suggests that p53 codon 72 polymorphism might be associated with EC in Chinese populations, especially in Southern China.
